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Rpr.Ul.ir. OK INVESTIGATIONS ON A 0. 015-SCALE MODEL (h9-0) 

OK THE SPACE SHUTTLE OHIUTKR IN THE 
NASA/ AMES 3.5-FOOT HYPERSONIC WIND TUNNEL (OA87) 

By 

M. T. Petrozzi and M. D. Milam, Rockwell International 
J. A. Mellenthin, NASA/ Ames 

ABSTRACT 

Experimental aerodynamic investigations were conducted during the 
period of October l6 through October 23, 1973 in the NASA/Ames 3.5-Foot 
Hypersonic Wind Tunnel on a 0. 015-scale model of the Space Shuttle Orbiter, 
Configuration lUOA/B. 

The objectives of this test wers as follows: 1) verify supersonic 

stability and control characteristics, 2) analyze aerodynamic problem 
areas, 3) verify control surface effectiveness, and l») investigate Rey- 
nolds number effects. 

Six-component aerodynamic force and moment data were recorded over 
an angle of attack range from 22° to U6° at a constant sideslip angle of 
0 °. 

Th 1 ' test Mach number was varied from 5.3 to 7.3 to 10.3. The Reynolds 
number per unit length was varied from 0.805 x 10 6 to 10 x 10 6 per foot. 
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INDEX OF DATA FIGURES (Concluded) 


COEFFICIENT SCHEDULE: 

A: CL, CN, CD, CDF, CA, CAF, CAB, CLMFWD, CLMAFT, XCP/L, L/D VS. ALPHA 

CL, CN VS. CLMFWD 
CL VS. CD 

B: DCL, DCN, DCD, DCDF, DCA, DCAF, DCAB, DCMFWD, DCMAFT VS. ALPHA 

C: DCL, DCN, DCD, DCA, DCMFWD, DCMAFT VS. ELEVON 

D: DCL, DCN, DCD, DCA, DCMFWD, DCMAFT, VS. BDFLAP 

E: CY, CYN, CBL VS. ALPHA 

F: CL, CN, CD, CA, CLMFWD VS. ALPHA 



NOMKNnvmrKK 
Genera 1 


SYMBOL 

CAK'AC 

SYMBOL 

DEFINITION 

u 


r, peed ol’ sound; m/sec, ft/sec 

Cp 

CP 

prc r sure coefficient; (f^ - Pco)/q 

M 

MACH 

Mach number; v/a 

P 


pressure; N/m% psf 

q 

Q(NSM) 

Q(PSF) 

dynamic pressure; 1 /2pV^ , N/m 2 , psf 

hn/l 

RS/L 

unit Reynold? number; per m, per ft 

V 


velocity: m /sec, ft/sec 

a 

ALPHA 

angle of attack, degrees 

/* 

BETA 

angle of siclrr.lip, degrees 

* 

PCI 

angle of yaw, degrees 


PHI 

angle of roll, degrees 

P 


mass density; kg/m\ olugs/ft^ 



Reference & C.G. Definitions 

Ab 


bas*’ ar^a; ra ;t , ft-' 

b 

BREF 

wing span or reference span; tn, ft 

r.g. 


center of gravity 

4ef 

c 

LREF 

reference length or wing mean 
aerodynamic chord; m, ft 


JREF 

wing area or reference area; nr , ft 


MRi’ 

moment reference point 


XMRP 

moment reference point on X axis 


YMRP 

moment reference point on Y axis 


XMRP 

moment reference point on Z axis 

::ubcrRiprs 

b 

i 

f 

CO 


base 

local 

static conditions 
total conditions 
free stream 
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NOMBWrLAUnRE (Continu'd) 


Body- Ax fy ^t£iu 


SYMBOL 

GADGAr 

SYMBOL 

DKFTNITT OK 

C N 

cn 

normal-force coeffi cior.t: no ™ n ^ tOT? 1 ' 

qs 

o 

> 

CA 

axial-force coefficient: force 

IS 

C Y 

CY 

r.idp-fnrcp r**f ^nt. * ^ide ZOrce 

■i3 

C A b 

CAB 

b"oC -foiv^ coefficient: 10r - v 

-A b (Pb - Pn)/qG 

C Af 

CAF 

forebode axial force coeffi oit nt f f A - C A ^ 


cm 

Pitehin -moment coefficient: pitching moment 

c n 

aw 

yawing-moment coefficient: ypwinfc moment 

qfb 

C l 

c: j 

rolling-moment coefficient; rol ^ n C - >n * 

,3b 



Stability-Axic Gyrtem 

C L 

CL 

lift coefficient; 

qS 

C D 

CD 

drag coefficient; 

V3 

C °b 

CDB 

bane -drag coefficient; £iP: u l $F'\C 

(; D f 

CDF 

fon body drag coefficient; 

C v 

CY 

.dHp-frtrrp r*nnftM rlntih; tOr*V 

Y 

cm 

llf 

pitching-moment coefficient: TnonK ‘ nt 

C 

n 

cm 

yrj \i inn -momc n t coe f f i c i e-n t ; iiJjlfoC. ,l: IO ! n f 11 ' • 

ifb 

C £ 

CCL 

rolling-moment coefficient: r ?.^ 

qfb 

l/d 

l/d 

lift-to-drag ratio; C^/Cp 

L/Df 

l/df 

lift to forebody drag ratio; CjJCj^ 
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NOMENCLATURE (Continued) 
ADDITIONS TO NOMENCLATURE 


SYMBOL 

SADSAC 

SYMBOL 

DEFINITION 

Copv® 

CLMFWD 

pitching moment coefficient about forward center 
of gra/ity. 

^ m AFT 

CLMAFT 

pitching moments coefficient about aft center of 
gravity. 

^cn 

DCN 

incremental normal force coefficient, algebraic 
difference of two runs. 

aca 

DCA 

incremental axial force coefficient, algebraic 
diff *ence of two runs. 

aca b 

DCAB 

incremental base axial force coefficient, algebraic 
difference of two runs. 

a ca p 

DCAF 

incremental forebody axial force coefficient, 
algebraic difference of two runs. 

ACl 

DCL 

incremental lift coefficient, algebraic difference 
of two runs. 

ACd 

DCD 

incremental drag coefficient, algebraic difference 
of two runs. 

ACDpv/D 

DCDF 

incremental forebody drag coefficient; algebraic 
difference of two runs. 

ACm AFT 

DCMFWD 

incremental pitching moment coefficient about 
forward C.G., algebraic difference of two runs. 

ACm 

DCMAFT 

incremental pitching moment coefficient about 
aft C.G., algebraic difference of two runs. 

* e L 


left elevon surface deflection angle, positive 
deflection trailing edge down; degrees. 
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NOMENCLATURE (Concluded) 
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5 
1 

I 

1 


L>ADSAC 


SYMBOL 

SYMBOL 

DEFINITION 

$e R 


right elevon surface deflection angle, positive 
deflection trailing edge dovn; degreer. 

6 e 

ELEVGN 

surface deflection ^ngle, positive deflection 

trailing edge down; degrees (<$« + <$_ )/2. 

C L C R 

«SB 

SPDBRK 

speed brake deflection angle, degrees. 

6R 

RUDDER 

rudder deflection angle, degrees. 

6bf 

BDFLAP 

body flap deflection angel, degrees. 

<$a 

AILRON 

aileron deflection angle, positive deflection 
trailing edge down; degrees (6* -6* )/2. 
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CONFIGURATIONS INVESTIGATED 


The test vehicle was a C. 015-scale model or Lae Space Shuttle Orbiter. 
It was sting mounted in the wind tunnel utilizing the Task Mark II l.^-inch 
internal strain gage balance to measure six-comporent aerodynamic force 
and moment data. 

A 30° sting adapter was utilized to obtain the high angles of attack 
which were required. Utilizing this adapter^ angles of attack up to 46° 
were achieved. 

Rudder and speedbrake positions were fixed at 0° and 55° » respectively, 
throughout the test. The elevon positions tested were -U0°, -10°, 0° 
and +15°. Aileron settings of +5° were also tested. The vehicle body- 
flap deflection was varied at -11.7° and +16.3°. 

The model configuration is summarized below: 


°10 - *26 C 9 E 26 F 7 "t “28 *5 V 8 " l 16 


Component 


Definition 


B 26 


Fuselage per Rockwell Lines VL70-000lU0A and 
VL70-0001U0B (Model Drawings SS-A001U7) 


Canopy per Rockwell Lines VL70-0001U0A and 
VL70-000ll»3A (Model Drawings SS-AOOIU7) 


E 26 


Elevons per Rockwell Lines VL70-000200 (Model 
Drawing SS-A091U8) 


Body flap per Rockwell Lines VL70-000200 (Model 
Drawing SS-AOOIU7) 


Mr, 


OMS/RCS pods per Rockwell Lines VL70-0001U5 (Model 
Drawing SS-AOOIU7) 


N 28 


OMS engine nozzles per Rockwell Lines VL70-000lh5 
(Model Drawing SS-AOOII47) 
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Re Rudder per Rockwell Lines VL70-0001^6A (Model Drawing 

5 SS-AOOll»8) 

Vg Vertical tail per Rockwell Lines VL70-0001 'i 6A (Model 

Drawing SS-A00ll*8) 

W ll6 Wins per Rockw eil Lines VL70-000200 1, Model Drawing 

SS-A001U8) 







TET.T FACILITY 


Hie NAGA-Amcs 3»5“FOot Hypersonic Wind Tunnel is a closed-circuit , 
blowdown-type tunnel capable of operating at nominal Mach numbers of r i , 7, 
and 10 at pressures to 1800 psia and temperatures to ?400°R for run times 
to fou. minutes. The major components of the facility include a gus storage 
system where the test gas is stored at 3000 psi, a storage heater filled 
with aluminum-oxide pebbles capable of heating the test gas to 3^00°R, 
axisymmetrlc contoured nozzles with exit diameters of U? inches for gener- 
ating the desired Mach number, and n 900,000 ft^ vacuum storage system 
which operates to pressures of 0.3 psia. The test section itself is nn 
open-jet type enclosed within a chamber approximately If -feet in diameter 
and Uo-feet in length, arranged transversolly to the flow direction. 

A model support system is provided that can pitch models through ar. 
angle -of -attack range of -ro to +18 degrees, in a vertical plane, about 
a fixed point of rotation on the tunnel centerline. This rotution point, 
is adjustable from 1 to 5 feet from the nozzle exit plane. The model 
normally is out of the test stream (strut centerline '7-inches from tunnel 
centerline) until the tunnel test conditions are established after which 
it is inserted. Insertion time is adjustable to as little as 1 /' second 
and models may be inserted at any strut angle. 

A high-speed, analog- to-digltal data acquisition system is used to 
record test data on magnetic tape. The present system is equipped to men - 
sure and record the outputs from 80 transducers in addition to "'O channels 
of tunnel parameters. 
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DATA REDUCTION 


The aerodynamic forces and moments recorded by the internal strain 
gage balance were reduced to coefficient form in the body axis system 
utilizing the following reference dimensions: 


Symbol 

Definition 

Model Scale 

Full Scale 

s ref 

0 

wing planform area, ft 

0.6053 

2690.0 

*ref 

model body length, in. 

19^1* 

1290.3 

b ref 

wing span, in. 

ll* .05 

936.68 


Moments are referenced about model station l6.ll* 7 (fuselage station 
1076. U8), on the fuselage at water line 5*625 (WL375) • 

Model base and cavity pressures were measured during the test and 
have been used to correct the data for model base effects. Location and 
areas for these pressures were as shown in figure 2b. 



TABLE 1 


TEST : 0A81 


TEST CONDITIONS 


1DATE : Oct. . 1973 


MACH NUMBE' 


REYNOLDS NUMBER 
(pet unit length) 


3.0 x 10 


1.3 x 10 


10 x 10 


3.0 x 10 


1.3 x 10 


0.805 x 10 


3.0 x 10 


DYNAMIC PRESSURE 
(pounds/sq. inch) 

STAGNATION TEMPERATURE 
(degtees Fahrenheit) 

.00 

1759° 

1.7*1 

1T59° 

7.70 

1759° 

1* .50 

2l»59° 

1.95 

2U59° 

1.21 

2U59° 

2.L6 

2U59° 



BALANCE UTILIZED: . 

Mk II L00565R (1.5 

inch) 



CAPACITY: 

ACCURACY: 

COEFFICIENT 

TOLERANCE: 

NF 

1000 pounds 

1/P* 


SF 

500 pounds 

1/P* 


AF 

300 pounds 

1/2* 


PM 

3000 inch-pound 

1/2* 


RM 

800 inch-pound 

1/2* 


YM 

1100 inch-pound 

1/2* 


COMMENTS: 
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DATA SET/RUN HUMBER COLLATION SUMMARY 







































































. TABLE III. - MODEL DIMENSIONAL DATA 

MODEL COMPONENT: DOPY - 

GENERAL DESCRIPTION: Orbiter Fuselage Configuration 1 40 A/ D 

NOTE: Boa identical to B 24 except underside of fuse lage ref.irea to 

accept 

. 0 ,015 Model Dreid .Pt: PS-fr-.nh? 

VL70-000193 

DRAWING NUMBER : VL70-000140A 




DIMENSIONS: 


FULL-SCALE 


MODEL SCALE 


Length (Body Fwd Sta X Q = 235) “ in * JL2PJLJ1 
Max. Width (at X Q = 1520) - in. 

Max. Depth (at x 0 “ 1464 ) " in * 

Fineness Ratio 
Area - ft 1 

Max. Cross-Sectional 
Planfona 
Wetted 
Best 


262.0 

250.0 

340.88462 


3.93 

3*75 

— Q .2fc57-. 
0.07670 







TABLE III. - Continued. 


MODEL COMPONENT: flewmi - 


GENERAL DESCRIPTION: Coaf inanition 140 A/B Orbiter Eleven 

wtWE« VL 7 Q-OQQ 2 QO data for (ll of aldea. Identical to Bgy encent 


airfoil thicknese. 

Model Scale: 0.015 

VL70-000200 

DRAWING NWBER : ttTOrffltttiKM. 

DIMENSIONS: 

Area 

Span (equivalent) 

Inb'd equivalent chord 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equlv. chord 

At Outb'd equly. chord 

Sweep Back Angles* degrees 

Leading Edge 

Tailing Edge 

Hlngellne 

Area Moment (Normal to hinge line) 


Model Drawing* Bo. 38-A30146 


FULL-SCALE 


-21M 

349.2 

ll8.ooh 


55.1022 


MODEL SCALE 


0.0473 

5.238 


1.T70 


-flafigg. 


0.2096 0.2096 

0.4004 0.4004 


0.00 
- 10.056 
0.00 
1587.25 


0 .00 

* m- tmmmmmmmmm 

- 10.056 

0.00 

0.00536 
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TABLE III. - Continued. 


MODEL DIMENSIONAL DATA 


MODEL COMPONENT : QMS POD (ty 


GENERAL DESCRIPTION 

— , - 

Configuration 140 A/B Orblter OMS-Bod 




Modal Scale* 0-015 

. - Model Bra vino No. SS-A001U7 

DRAWING NUMBER : __ 

VL70-000140A 
VL70 -000145 


DIMENSIONS . FULL SCALE MODEL SCALE 

Length (QMS Fwd Sta X Q =1233.0) IS, 327 . 1 ™ U.ons 

Mox Width ^ * 1450.0) IN. - 9^*5 - 

Mox Depth (§ Xq-1493.0) - IN. lQQ.OQO l.fos 

Fineness Rotio ____________ ________ 

Arno _______ __________ 

Mox. Cross-SeetiOhbl _________ . 

PI on form _______ 

Wetted 

Boss 
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TABLE III. - Continued. 


MODEL COMPONENT: OMS NOZZLE (%g) 

GENERAL DESCRIPTION: Configuration 1^0 A/B Orblter OMS Nozzle 


MODEL SCALE: - 0.015 

Model Drawing No. 

ss-aooiVt 

DRAWING NO.: VL70-0001UOA 

DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

Global Point (Station) ^ In. 

X 

1518.0 

22.77 

T 

+ 88.0 

1.32 

Z 

29^.0 

7.38 

Null Position Deg. 

Pitch 

15° 49' 

15° ^9* 

Yav (Outboard) 

12° 17’ 

12° 17’ 


21 



TABLE III. - Continued. 


MODEL COMPONENT: 



GENERAL DESCRIPTION: Configuration 140 A/ n Orblter Rudder 


MODEL SCALE; Q.Q15 


MODEL DRAWING Bo. 88-4001*6 ' 


DRAWING NUMBER : VL70 -000095 . VL70-0Q0146a 


DIMENSIONS: FULL-SCALE 

Area . jj2 106.38 

Span (equivalent) - n. 201.0 

Inb'd equivalent chord 91.565 

Outb'd equivalent chord 50.833 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equlv. chord o. 4 oo 

At Outb'd equlv. chord P. 4 oo 

Sweep Back Angles, degrees 

Leading Edge 34.63 

Tailing Edge 36^5 

Kiwlln. *-8. 


An. Homnt (Non.) to Mag. Him) - w* sa6.it 
Product of Area and Mum Chord 


MODEL SCALE 

O.O239 

SbS >. 

1.374 
0.762 


0.400 


0.400 


34.63 



34.83 

0.00178 
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TABLE III. - Continued 


MODEL COMPONENT : VERTICAL - Vg 

GENERAL DESCRIPTION: Configuration 140 A/B Vertical Tfeil 

r.iRilcr to 75 jdth radius on TK u^per corner ( nd IT. lower corner 


where vertical meets fuselage . 


Mode] Scale = 0.015 . Model Draving Bo. dS-A00l48 

VL7O-OOC0L4OA 

DRAWING NUMBER: VL70-000146A 

DIMENSIONS: FULL-SCALE MODS. SCALE 


TOTAL DAT*. 

Area (Theo) Ft^ 

Plantar* 

Span (Theo) In 
Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root (Theo) WP 
Tip (Theo) WP 
MAC 

Fus. Sta. of .25 MAC 
W. P. of .25 MAC 
B. L. of .25 MAC 
Airfoil Section 

Loading Wedge Angle ?cg 
Trailing Wedge Angle Deg 
Leading Edge Radius (Min) - IN. 
Void Area 
Blanketed Area 


413.253 0.09298 


315.720 

I lA S- 

0.S07 

0.40399 


t: 

1* 
0.507 



1L oo. 

2^2hl 
a. 130 


42:00. „ 

■m 


268.500 _ Jb&m 

106. 4^0 1,68705 

199.60-56 3,997*1 

1463.50 21,35850 



P»OP ...JQ^QQ 


10.00 10.00 


1L.92^ 14.920 

. 2.00 0,0380 
M Q,0Q8S6 
0-00 O.QQ . 
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TABLE III. - Concluded. 


MODEL COMPONENT : WINS-W 116 


GENERAL DESCRIPTION : Configuration x»p a/B Orblter wing 

NOTE: Identical to W|]4 except airfoil thickness. Dihedral angle is along 

trailing edge of wing. 


Model Scale 


0 . 01 $ 


Model Drawing No. SS-AOPlUfl 


TEST NO. 

DIMENSIONS: 

T » 

TOTAL DATA , 

Area (.Theo.) Ft z 
Planform 
Span (Theo In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees(at Xq* 1506. 623, Y 0 * 
Incidence Angle, degrees 105, Zq* 282.75) 
Aerodynamic Twist, degrees . 

Sweep Back Angles, degrees 

Leading Edge . . 

Trailing Edge . 

0.2S Element Line 
Chords: 

Root (Theo) B. P.0.0. 

Tip, (Theo) B.P. 

MAC 

■ Fus. St a. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


Ft 

In. BP10S 


EXPOSEO OATA 
‘"Area (Theo) 

Span, (Theo) 

Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1.00 b 
7 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root b ■ 0.425 

7 

Tip b ■ 1.00 

7 

Oata for (1) of (2) Sides 
Leading Edge Cuff 9 
Planform Area Ft z 

Leading Edge Intersects Fus M. L. 0 Sta 
Leading Edge Intersects Wing 9 Sta 

• 2k 


DWG. NO. VL70 


VL70-000140B 
-000 200 


as;sr_ 

,|gS4° 

as 


FULL-SCALE 



936.6816 

2.265 

MODEL SCALE 

— o.ftra, 
-JiUflgL 

2.265 . 

. 1.177 

1.177. 

0.200 

0.200 . 

3.500 

3.500 

0.500 

0.500 

_ _+3.000 

+3.000 

45.00 

* 

45.00 

-Io.056 

-iU.USt) 

is. 209 . 

35.209 . 

689.2429 

10.339 

li^. 8486 

2.06& 

474.8117- . 

7.222 

1126,721 

17 .051 

291.00 

4.365 

187.33491 

2.810 

1812.2205 

0.408 

736.6816 

I 1.656 

2.058 

-2.058 _ 

0.2451 

0.2451 

476,6230- . 

8,559- 

137.8512. 

_ 2 . 66 1 .. 

354.2376 

5.314 

1164.237 

17.464- 

292.00 

4.380 

239.67786 

$>595— 

0.113 

0.113 

0,12 

0.12 


o.oa66 


( 1 




1 






Axis systems. 





f~S 








(a) Close-up 3A rear view of model lUo A/B 

Figure 3. - Model photographs. 
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Figure 3. - Continued. 
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FIG. 4 ELEVON EFFECTIVENESS. RN/L=10., BQFLAP=0 .0 

CA3MACH * 7.32 PAGE 




ANGLE OF ATTACK. ALPHA. DEGREES 

ELEV0N EFFECTIVENESS. RN/L-10.. BDFLAP=0.0 



ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 4 ELEV0N EFFECTIVENESS, RN/L=10., BDFLAP=0.0 

CA3MACH = 7.32 


OkTA SET SH 80 L CS^MXMATIOl DESCRIPTION 



ANGLE OF ATTACK. ALPHA. OEGREES 

FIG. 4 ELEV0N EFFECTIVENESS. RN/L=10.. B0FLAP=0.0 

CA3MACH = 7.32 






II 

Q_ 


O 

II 

oc 

<s> 

cn 

p 

£ 


UJ 


E n - 

Cj ii 


u 

ciS r 

•—i m 

u. < 


t ' 


i 



! 


I 


PITCHING MOMENT COEFFICIENT ABOUT FORWARD C. G.. CLMFWD 

FIG. 4 ELEVON EFFECTIVENESS. RN/L=I0.. BDFLAP=0.0 

CA3MACH * 7.32 
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